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ABSTRACT

Eight hundred and five sub-legal black bass (Largemouth bass {Micropterus
salmoides), smallmouth bass (A/, dolomieu), and spotted bass (M. punctulatus)) were
sampled from the Loyston Sea area of Norris Reservoir, Tennessee, from August 1992
to November 1994 to determine their food habits. Approximately 45% of these fish (N
= 358) contained at least one item in the stomach. Food items were analyzed by three
methods: frequency of occurrence, numerical method, and gravimetric method. The

predominant food items were crayfish (27% by weight), threadfin shad(24% by weight),
and sunfish (20% by weight) (bluegill and y-o-y bass) with other items (in lesser
amounts) including minnows, logperch, silversides, flathead catfish, crappie, Daphnia
spp., and one frog. Crayfish were an important food item for all three species of black

bass in every sample period except May 1993 and May-June 1994(<5% by weight).
Shad were present in the stomachs throughout the sample periods except in
November 1994. Even though shad were at their lowest abundance during the spring
because of exploitation by predators and winter die-offs, they were most abundant in the
diets of black bass during the May 1993 sample period (largemouth 60% by weight,

smallmouth 50% by weight, and spotted bass 77% by weight).
Bluegills and YOY bass were utilized by largemouth during all sample periods

except for August 1992, with their greatest use occurring during May 1994 (42% by
weight). Stomachs of smallmouth contained small bass and bluegills in the winter(29%
by weight) and early spring samples (May 1994, 68% by weight). Spotted bass foraged
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on sunfishes in December 1993 (21% by weight) and November 1994(24% by weight).

Crappie rarely occurred in the stomachs of any species of black bass and comprised less
than 1.0% of weight, number, and occurrence.
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CHAPTER I
INTRODUCTION

In recent years, reservoir populations of black bass have been the subject of
various research projects, including food habits analysis and their impacts on forage
populations. Many of these studies have been initiated to determine the impacts of

specific management strategies which have been imposed on those populations,including
size and creel limits.

In January of 1981, the Tennessee Wildlife Resource Agency (TWRA)imposed
the 355 mm (14 in) size limit on black bass (Micropterus spp.) in Norris Reservoir. This
regulation had the effect of stockpiling fish under the legal size limit of 355 mm (14 in)
(Schilling 1986). This abundance of smaller black bass has raised the question in recent

years as to their effect on the forage base in the reservoir.
Researchers throughout the country have documented food habits of largemouth
bass (M. salmoides). Emig (1966), in an overall literature review of largemouth bass
food habits, concluded that the adult largemouth bass diet consists primarily of fish, with
worms, mussels, frogs, crayfish, snails, and large insects also in the diet. He also
summarized some experimental feeding trials conducted on largemouth bass in tanks;

those largemouth bass preferred golden shiners (Notemi^onus crvsoleucas). bluegill
{Lepomis macrochirus), and green sunfish (L. cyanellus). Black bullhead (Ameiurus
melas) and white crappie (Pomoxis annularis) were also eaten, but less frequently.

Crayfish consumption varied in the trials between heavy and no utilization. Heidinger
(1977), in summarizing several authors concluded that fish and crayfish were the
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mainstays of the adult largemouth's diet. Anderson (1966) studied 165 - 302 mm (6.5 11.9 in) largemouth and spotted bass (M. punctulatus) on Kent Reservoir, a 2280 ha
(5700 ac) impoundment in Kentucky. He concluded that threadfin shad (Dorosoma
petenense) was the principal food item from mid-May through June, composing 53% of

all food items consumed. Bass fry were also important forage items from mid-May
through June. Overall, Anderson concluded that threadfin shad, unidentifiable fish,

sunfish, bass fry, and miscellaneous items composed the majority of food items ingested
by largemouth bass on Kent Reservoir. He also concluded that there was no significant
difference between the food habits of largemouth and spotted bass.
Angler-harvested black bass were analyzed to determine food habits on Bull

Shoals Reservoir (Aggus 1972). The results indicated that largemouth bass utilized
young of year (YOY) shad during summer and early autumn, crayfish and centrarchids
in late autumn, and yearling shad and unidentified fish in winter and spring. A
1355 ha Oklahoma impoundment was studied (Zweiacker and Summerfelt 1973) where

gizzard shad and crayfish were found to be the primary forage species for largemouth
bass. Lewis et al. (1974) showed that largemouth bass on Crab Orchard Lake, a
2834 ha impoundment in Illinois, consumed gizzard shad (D. cepedianum) (71%),

crayfish (15%), centrarchids (5%), bullheads (5%), and unidentified material (19%).
Pickwick Reservoir bass were studied by Hubert (1977) who found that shad were the
primary forage during winter, spring, and fall. Shad, centrarchids, and freshwater drum
(Aplodinotus grunniens) were the primary forage species during the summer months.
Pasch (1974) concluded that largemouth bass greater than 300 mm (11.8 in) in Lake

3

Blackshear, Georgia, consumed equal amounts of shad and sunfish throughout the year,
except during July and August when the consumption of shad increased dramatically.
Shad composed over 50% of all prey eaten for all size classes of largemouth on
Alamo Lake, Arizona (Wanjala 1986). Bluegill composed 3% of the diet in the 25.1 30.5 cm (9.9 - 12 in) class of largemouth bass and 18% in the 30.6- 55.9 cm (12.1 - 22
in) class of largemouth bass. Mitzner (1980) studied the entire predator base in Lake

Rathbun, Iowa, which included crappie, channel catfish (Ictalurus punctatus), white bass
(Morone chrysops), walleye (Srizosredion canadense), and largemouth bass. Even though
gizzard shad and crappie were the most abundant forage species, crappie were not found
to be a substantial food item in the diets of largemouth bass.
Dendy (1946) determined that the diet of largemouth bass on Norris Reservoir
was gizzard shad (D. cepedianum), black crappie , bluegill, and skipjack herring (Alosa
chrysochloris). In early June, black crappie may compose up to 50% of the largemouth

bass' diet. Dendy's data also showed that smallmouth bass (M. dolomieu) consumed

mostly gizzard shad while spotted bass diets consisted of gizzard shad and black crappie.
A review of smallmouth food habit studies was conducted by Coble (1975). His
overview concluded that adult smallmouth bass relied on fish, crayfish, and insects for

their dietary needs. Centrarchids and crayfish were important food items of smallmouth
bass on Bull Shoals Reservoir during autumn and winter (Aggus 1972). Westman and
Westman (1948) demonstrated that angler-harvested smallmouth bass on Lake Simcoe,
Ontario, consumed crayfish and various fish species, such as yellow perch (Perca

flavescem), darters (Etheostoma spp.), and sculpins (Cottus spp.j.

Pflug (1984)
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suggested that smallmouth are generalists and will eat whatever forage species is
available.

Spotted bass food habit studies were reviewed by Vogele(1975)and Emig (1966).

Crayfish were shown to be a very important food item when available. Shad, crappie,
and bluegill were also shown to be important food items in some of the studies reviewed

by the authors. Studies by Paragamian et al. (1975) on Wisconsin waters, Ryan (1970)
in Louisiana, and Aggus (1972) on Bull Shoals Reservoir concluded that crayfish were

the most important forage species for the spotted bass. They also concluded that various
fish species and insects were common dietary items.
The research literature indicates that black bass throughout the country do
consume some game fish species, specifically crappie and bluegill. Therefore, it is

reasonable to hypothesize that the large cohort of sub-legal black bass may be partially
responsible, by direct predation, for the decline in the centrarchid fisheries as reported

by anglers. The objectives of this study were:(1) to examine the food habits of sub-legal
black bass to add to the overall data base and to determine if this large cohort of

predators is preying directly on crappie and bluegill in significant numbers, and (2) to
determine the age composition of the sub-legal black bass in Norris Reservoir.

CHAPTER II
DESCRIPTION OF STUDY AREA

Norris Reservoir is a multi-purpose tributary reservoir located in the Ridge and

Valley region of East Tennessee on the Powell and Clinch Rivers. It was created by the
construction of Norris Dam which is located six miles downstream from the confluence
of the Clinch and Powell Rivers at Clinch River Mile 79.8. Norris Dam was the first

of many dams constructed by the Tennessee Valley Authority (TVA)and was completed
on March 4, 1936. Norris Dam was constructed for three main functions: flood control,

hydroelectric power, and recreation.

The impoundment is a chemically and thermally stratified reservoir that contains
13,680 surface ha (34,200 ac) at full pool. Norris Reservoir extends 115.2 km (72 mi)
up the Clinch River and 89.6 km (56 mi) up the Powell River and has 1280 km (800 mi)
of shoreline in a largely forested and undeveloped watershed. The reservoir has a

maximum depth of approximately 60 m (200 ft) and a mean depth of 22.5 m (75 ft).
Norris Reservoir is clear and unpolluted, with total organic carbon measurements well
below acceptable levels as reported in the Norris Reservoir Task Force Progress Report

(NRTFPR 94). Norris Reservoir is considered mesotrophic, with productivity being
limited by phosphorus (NRTFPR 94). Because of power generation and flood control,
15 - 18 m (50 - 60 ft) annual water fluctuations are not uncommon, and 9 - 12 m (30 -

40 ft) annual fluctuations are considered normal. The specific study area was the
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Loyston Sea area of Norris Reservoir, which consists of the Loyston Sea, Mill Creek,
and Lost Creek (Fig. 1).

COLLECTION PERIODS

The data were collected for six sample periods from August 1992 through
November 1994; three sample periods were during summer full pool conditions and
three periods were during winter pool conditions. Sample period dates along with
corresponding reservoir water levels and temperatures are given in Table 1. August

1993 and 1994 samples were taken, but because of circumstances beyond this
researcher's control, samples were unavailable for analysis.
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Figure 1. Norris Reservoir, Tennessee. Shaded area indicates sites
of electrofishing samples for 1992-1994.

Table 1. Water levels and approximate water temperatures on Norris Reservoir,
Tennessee, during the sample periods from August 1992 to November 1994.
Sample periods

Water

(m)

Temperature

levels

C

(ft)

F

15 - 20 August 1992

301.5

1005

26.6

80

16-30 January 1993

297.3

991

8.9 - 11.1

48-52

11 May - 1 June 1993

305.4

1018

21.6- 24.4

71 - 76

6-11 December 1993

297.3

991

10.5- 13.3

51 -56

2 - 8 May 1994

305.4

1018

20

68

16 November 1994

297.3

991

15.6

60

CHAPTER III
METHODS

DATA COLLECTION

The August 1992 samples were taken in conjunction with the summer data
collection period of the NRTF. Sections of shoreline (100 m) were marked in Mill
Creek, Lost Creek, and Loyston Sea. These areas were shocked with a 18-foot boomtype reservoir shock boat equipped with an EG5000X AC Honda generator, a Smith-Root

AC/DC pulse voltage shocker box, and spot lights to allow for night time operations.
Paragamian (1989) determined that night time electro-shocking was more efficient. The
voltage and pulse length were set at the minimum level which would efficiently stun the
bass. At the end of each 100 meter run, all bass collected were placed in a large plastic

bag with all relevant run information enclosed. The bass were placed on ice and

transferred to Tennessee Technological University personnel for further processing.
Length and weight measurements were recorded for each bass; the entire stomach was

removed from each bass and placed in a sample bag with preservative solution. The
stomachs and measurement data were then transferred to this researcher for analysis of
stomach contents.

The contents of each stomach were identified to the lowest possible taxon and
recorded. Each food item was blotted dry with paper towels and the blot dry weight of

each food category was recorded to the nearest tenth of a gram on an American Scientific
Products Z-6000-DR scale.
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Each bass collected in the January 1993 sample was assigned an identification

code consisting of run number, species code, and fish number. The total length of each
bass was measured in the field to the nearest millimeter. Bass that were outside the 203-

355 mm (8-14 in) class were released after being weighed to the nearest gram on an
Accu-Weigh DSY-20 electronic scale. Scales were removed from each fish for possible
future analysis.

Bass in the 203-355 mm class were placed in ziplock freezer bags. These bass
were placed on ice and transported back to the fisheries laboratory at UT. The bass were
then dissected in the lab and the liver, gonads, otiliths, and stomachs were removed.

The liver and gonads were weighed to the nearest 0.01 gram on an American Scientific
Products Z-6000-DR scale and recorded. A liver sample was processed for genetic
analysis and delivered to TTU. Stomach contents were identified to the lowest possible
taxon and the blot dry weight of each food category was recorded for each specimen.
An agreement was reached with TVA which allowed the use of an 18-foot
reservoir shock boat equipped with a Smith-Root DC conversion and regulator box and

an EG5000X AC Honda generator for the rest of the study. Beginning with the May
1993 sample period, five clear plastic tubes (15, 20, 25, 30, and 40 mm inside diameter)
were used as "stomach tubes," or gastroscopes, to determine the presence or absence of

food items in the stomach. Stomach tubes were proved to be over 99% effective for
examining and removing stomach contents by Van Den Avyle (1980); other researchers
have also used stomach tubes effectively to examine and remove food items (Zweiacker
and Summerfelt 1973, Lewis et al. 1974, Meehan et al. 1978).
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All bass collected in the field were weighed, measured, and a scale sample was
taken. Bass were tubed with the largest tube that would comfortably pass into the
stomach. Using a flashlight, the tube was illuminated so that the stomach could be
visually inspected for the presence or absence of food items. If no food items were
present, the bass were released. Bass with at least one food item present in the stomach
were taken to the lab for the same processing as in the earlier samples. During the last
two nights of sampling, contents were removed with the stomach tubes and placed in

small ziplock bags for further analysis. The bass were transported to the lab to confirm
the complete removal of food items. All items were confirmed to be removed from the
stomachs with the use of the stomach tubes.

All bass in the December 1993 sample were weighed and measured in the field.
Scales were taken from each bass and the stomach contents were removed using stomach
tubes; the bass were then released. Stomach contents were placed in sample bags and

taken to the lab for further analysis. If a food item could not be removed from the
stomach with the tubing, the bass was taken to the lab for dissection.

A stomach pump was constructed and utilized during the May 1994 sample period
to further maximize the effectiveness of removing the stomach contents. Samples were

processed in a similar manner to the one used in the December 1993 samples.
The November 1994 samples were collected and processed differently. University
of Tennessee researcher Mark Garner, while shocking coves in Lost Creek for his

crappie abundance study, came upon a cove with numerous YOY bluegill and crappie.
Mixed in with the crappie and bluegill were numerous sub-legal black bass. A sample
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of these bass was collected and placed in large buckets containing formalin. They were
then transported to the UT fisheries lab for this researcher to analyze. Bass were
weighed, measured, and stomach contents removed and processed.
Age of sub-legal black bass were determined from scales collected during the 11
May - 1 June 1993 sample period. It was assumed that, at the time they were collected,
no growth had occurred for that year; therefore the scale margin was considered an
annulus (Carlander 1977). Scales were taken from the right side of the fish at locations

as described in Nielsen and Johnson (1983). If there were obvious signs of injury or
regenerated scales on the right side, then left side scales were utilized. Scale impressions
were made on 25 x 76mm cellulose acetate slides using a roller press. Slides were
viewed at 20X with a microfiche reader with scales showing signs of regeneration being

disregarded. Back-calculated lengths at each annulus were determined on the basis of
direct proportional expansions of the Dahl-Lea Method (Lagler 1956). The formula used
to determine lengths at age was:

Ln = Lt/St * Sn

where Ln = total length at the nth year of life,
Lt = total length of the fish at capture,
St = scale length at capture, and

Sn = scale length at the nth year of life.
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Lengths and weights for all sub-legal black bass collected were used to determine
relative weight vales for this group. Mean Wr values were compared to earlier values
(Schilling 1984) to evaluate any differences in relative robustness over time. Sexes were
not distinguished in the evaluation.

DATA PRESENTATION

Hyslop (1980) gave an excellent review of the methods for stomach content
analysis, listing the advantages and disadvantages of each method. Hyslop advised that
no single method will give a complete analysis of food habits for a given species.

Therefore, after reviewing the methods of reporting data, it was decided to report the
data using three different methods: the occurrence method, the numerical method, and
the gravimetric method.

The occurrence method is the number of stomachs containing one or more
specimens of each food category expressed as a percentage of all stomachs containing

food. The advantage of this method is that it is a quick, relatively easy way to report
data. It will also give an indication of seasonal diet changes. The disadvantage of this
method is that it gives no indication of the relative bulk or volume of the food items

analyzed. Thus, it is possible to have an item that occurs in a high percentage of
stomachs but contributes little to the volume of the food items consumed.

The numerical method is the number of individuals for a food category as

recorded and expressed as a percentage of the total number of individual food items

found in the stomach. This numerical method tends to over emphasize small numerous
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items such as insects that contribute very little of the total bulk of the diet. The

numerical method will be reported as the percent by number.
The final method for which the raw data was reported addresses the weaknesses
of the other two methods. The gravimetric method is the total blot dry weight of a food
category expressed as a percentage of the total weight of all food items. The gravimetric

method can over-emphasize the importance of a few very large items relative to the
overall importance in the diet of the bass. The gravimetric method will be reported as
percent by volume.

Field and lab data were entered into a Lotus 1-2-3 spreadsheet for basic analysis

and transferred into Statistical Analysis Software (SAS) for further statistical analysis.
Data were analyzed for significant differences in the utilization of food items with regard
to differences among bass species, sample period differences, and size class differences.
Bass were separated into three size classes for evaluation: 203-254 mm (8-9.99 in), 255-

305mm (10-11.99 in), and 306-355 mm (12-13.99 in). Analyses were conducted for all
sample periods separately and at summer-pool verses winter-pool water levels.
The General Linear Model (GLM) procedure as described in Sokal and Rohlf
(1969)requires that data be normally distributed for it to give reliable results. For this
reason, variables were tested for normal distribution and found to be abnormally
distributed.

After log transformations, only 9 variables met the criteria for further

analysis using the GLM procedure:

(1) number of clupeids consumed, (2) weight of

clupeids consumed, (3) number of centrarchids consumed, (4) weight of centrarchids
consumed, (5) number of unidentifiable items consumed, (6) weight of unidentifiable
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items consumed,(7) number of crayfish consumed,(8) weight of crayfish consumed, and
(9) total number of items consumed. The three class variables were species of bass,
sample periods, and size class. Tukey (HSD) analysis was performed on the data as
described in Sokal and Rohlf(1969) to test for significant differences between the means

of the data at the 0.05 level of significance. Chi Square analyses were also performed
on all food item data variables to test for significant differences.
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CHAPTER IV
RESULTS

Black bass are opportunistic predators that eat a wide variety of food items.
Overall 205 of 499 (41.08%) largemouth bass, 74 of 193 (38.34%) smallmouth bass,
and 96 of 213(45.07%) spotted bass had at least one food item present in their stomachs.
The smallmouth bass samples for August 1992, January 1993, and November 1993 were

small with only 5, 8, and 4 specimens, respectively, containing food items. The spotted
bass sample in May 1994 was also considered small, with only 5 of 33 spotted bass
stomachs containing at least one food item. A complete list of the number of bass
collected by period can be found in Table 2.
Bass on Norris Reservoir consumed at least 14 different fish species, one species
of crayfish, a variety of terrestrial and aquatic insects, Daphnia spp., and a frog. Other
objects were also found in the bass stomachs, such as rocks, plastic worms, fish hooks,
and small jigs. A complete list of fish species consumed is presented in Table 3. The
different species of bass do show differences between number, weight, and occurrence
of food items and the time of year in which they utilize these food items.

CLUPEIDS

One hundred clupeids were identified in the stomachs of Norris Reservoir black
bass, with 96% being positively identified as threadfin shad. The mean length of

clupeids consumed was 59 mm with a standard deviation of 19.57. Forty-five percent

17

Table 2. Sample size, number of empty stomachs, and percentage of empty stomachs
for sub-legal black bass on Norris Reservoir from August 1992 to November 1994.
Aug

Jan

May

Dec

May

Nov

1994

Totals

1992

1993

1993

1993

1994

Total

60

78

74

72

60

55

399

Empty

41

29

28

48

38

27

211

Percent

68

37

38

66

63

49

53

Total

21

15

20

69

54

7

186

Empty

16

7

8

46

34

3

114

Percent

76

46

40

67

63

43

61

21

25

31

60

33

43

213

7

7

14

40

28

21

117

33

28

45

67

85

48

55

102

118

125

201

147

105

798

Empty

64

43

50

134

100

51

442

Percent

63

36

40

67

68

49

55

Largemouth

Smalimouth

Spotted
Total

Empty
Percent

Totals
Total
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Table 3. Species list of fish food items consumed by sub-legal black bass on Norris
Reservoir from August 1992 to November 1994.
Bluntnose minnow

Pimephales notatus

Golden shinner

Notemigonus crysoleucas

Spotfin shinner

Cyprinella spiloptera

Logperch

Percina caprodes

Brook silversides

Labidesthes sicculus

Threadfin shad

Dorosoma petenense

Gizzard shad

Dorosoma cepedianum

Crappie

Pomoxis spp.

Bluegill

Lepomis macrochirus

Largemouth bass

Micropterus salmoides

Smallmouth bass

Microprerus dolomieu

Spotted bass

Micropterus punctulatus

Temperate bass

Morone spp.

Flathead catfish

Pylodictis olivaris
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of the clupeids consumed were in the 25.4- 50.8 mm size class and 45% were in the
50.8 - 76.2 mm size class.

Percent by Number

The percent by number of shad consumed varied for largemouth bass from 37%

for May 1993 to 0% in November 1994 (Fig.2). Smallmouth bass varied from a high
of 75% in August 1992 to 0% in January 1993 and November 1994. Consumption by
spotted bass consumption ranged from 39% in May 1993 to 0% in August 1992, May
1994, and November 1994 sample periods.

Percent by Weight
The percent by weight of shad in the diet of largemouth ranged from 60% in May
1993 to 0% in November 1994 (Fig 3). Smallmouth ranged from 61% in August 1992
to 0% in the sample periods of January 1993 and November 1994. Spotted bass ranged
from a high of 75% in May 1993 to 0% in August 1992, May 1994, and November
1994.
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Frequency of Occurrence
The percent occurrence of shad in the diets of largemouth bass ranged from 28%
in May 1993 to 0% in November 1994 (Fig. 4). In smallmouth bass, percent occurrence

ranged from 20 to 0% in January 1993 and November 1994. In spotted bass percent
occurrence ranged from 35% in May 1993 to 0% in August 1992, May 1994, and
November 1994.

Overall, clupeids occurred in 18% of largemouth bass, 8% of

smallmouth bass, and 10% of spotted bass.

Species Differences
GLM (Pr > F= 0.44) and Tukey analyses showed no significant differences in the
overall number of shad consumed by the three species of bass. Chi-Square analysis

indicated that there were significant differences (x^=0.053) among the bass species and
the presence of shad in the stomach. Shad were present in 18.40% of largemouth,
8.11% of smallmouth, and 10.42% of spotted bass stomachs.
The Tukey analysis (Table 4) indicated that largemouth bass and spotted bass

were not significantly different from each other in the weight of shad consumed, but
were significantly different from smallmouth bass. Spotted bass and smallmouth bass
were not significantly different from one another in the weight of shad consumed.

Percent by Occurrence of Clupeids
Norris Reservoir
<3I)

w

u
z
(T4)
fk«49

(72)

m

u
U 20

<cs
n*20

o

H
z
W

ri=19

n-23

(60)

ri-M (54)

69)

U 10

n^'lB

60)

(20)

(M)

«

w

Pd

AUG

n« 4

n=8

«l)

CIS)

JAN 93

28

(33)

MAY-JUNE 93

DEC 93

MAY 94

(35)

n«4 n«22

(7): (43)

NOV 94

SAMPLE PERIOD

Largemouth S Smallmouth □ Spotted
Figure 4. Percent by occurrence of clupeids relative to total food items
consumed by sub-legal black bass in Norris Reservoir from Aug 1992 - Nov 1994
The number in parentheses is the number of black bass sampled. The number with

food items present in their stomach is denoted by the letter "n".

N)

24

Table 4. Results of Tukey's Studentized Range Test for the variable, clupeid weight, by
black bass species, for sub-legal black bass on Norris Reservoir, Tennessee, from August
1992 to November 1994. Means with the same letter are not significantly different.
Species

Sample size
(N)

Mean weight of
clupeids eaten (1)

Tukey
Grouping

Largemouth

188

0.28893

A

Spotted

96

0.15522

A

Smallmouth

72

0.06977

B
B

' Mean weights of clupeids are given as Log,o transformations of original clupeid
weights.
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Sample Period Differences
The GLM procedure(Pr>F =0.17) gave a weak indication of some interactions

among sample periods and the number of shad utilized. The Tukey analysis (Table 5)
confirmed that the May 1993, January 1993, and December 1993 sample periods were

significantly different from May 1994, August 1992, and November 1994. The January
1993, December 1993, May 1994, August 1992, and November 1994 periods were not
significantly different from each other. A Chi-Square score of

=0.000 indicated a

significant period difference in the presence of shad in the stomachs of black bass. High
water verses low water Tukey analysis indicated that there were no significant differences

between summer and winter pool levels with respect to shad consumption. The Tukey
analysis (Table 6) also confirmed that bass consumed a significantly greater weight of
shad in May 1993 and in January 1993 than any other sample period.

Size Class Differences

GLM (Pr>F =0.62), Tukey and Chi-Square (x^ =0.159) all indicated that there
were no significant differences among the size classes of bass and number of the shad
forage consumed. However, the Tukey analysis (Table 7) did indicate that the weight

of shad consumed was significantly greater for the 306-355 mm and 255-305 mm groups.
The 255-305 mm group was not significantly different from the 203-254 mm group.
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Table 5. Results of Tukey's Studentized Range Test for the variable, clupeid number, by
sample period, for sub-legal black bass on Norris Reservoir, Tennessee, from August
1992 to November 1994. Means with the same letter are not significantly different.
Sample periods

Sample size
(N)

Mean number

of clupeids

Tukey
Grouping

eaten'

May-June 1993

75

0.33726

A

January 1993

75

0.22279

A B

December 1993

67

0.15440

A

May 1994

47

0.09711

B

August 1992

38

0.05472

B

November 1994

54

0.00000

B

B

'Mean numbers of the clupeids are given as the Log,o transformations of the original
clupeid numbers.
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Table 6. Results of Tukey's Studentized Range Test for the variable, clupeid weight, by
sample period, for sub-legal black bass on Norris Reservoir, Tennessee, from August

1992 to November 1994. Means with the same letter are not significantly different.
Sample periods

Sample size
(N)

Mean weight
of clupeids

Tukey
Grouping

eaten ^

May-June 1993

75

0.5132

A

January 1993

75

0.1931

A B

May 1994

47

0.1701

B

December 1993

67

0.1547

B

August 1992

38

0.0764

B

November 1994

54

0.0000

B

'Mean weights of clupeids are given as Logio transformations of original clupeid
weights.
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Table 7. Results of Tukey's Studentized Range Test for the variable, clupeid weight, by
size class, for sub-legal black bass on Norris Reservoir, Tennessee, from August 1992
to November 1994. Means with the same letter are not significantly different.
Size class (mm)

Sample size
(N)

Mean weight of

clupeids eaten'

Tukey
Grouping

306 - 355

101

0.32096

A

255 - 305

145

0.20956

A

203 - 254

110

0.10401

B
B

'Mean weights of clupeids are given as Logio transformations of original clupeid
weights.
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CENTRARCHEDS

Percent by Number

The percent by number of centrarchids consumed by largemouth bass ranged from

29% in May 1994 to 0% in August 1992 (Fig. 5). The next highest consumption of
centrarchids occurred in November 1994 with a rate of 16%. Centrarchids composed
15% of smallmouth bass diets in May 1994 and 0% during three sample periods; August

1992, May 1993, and November 1994. Spotted bass stomachs contained 12% by number
centrarchids in both the December 1993 and November 1994 samples. Spotted bass did
not contain centrarchids during the other sample periods.

Percent by Weight

Largemouth bass ingested a high of 41 % by weight centrarchids in the May 1994
sample period to a low of 0% in August 1992 (Fig. 6). Smallmouth bass consumed 68%

by weight centrarchids in the May 1994 sample period. The second highest percentage
for smallmouth bass was 35% in December 1993. Smallmouth bass sampled did not
utilize centrarchids during the periods of August 1992, May 1993, and November 1994.
Spotted bass exploited the centrarchid forage in only two sample periods, December 1993

and November 1994, at rates of 21 and 24%, respectively.
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Frequency of Occurrence
Centrarchids occurred in 36% of the largemouth stomachs in the May 1994
sample (Fig. 7). Centrarchids were present in all sample periods except for the August
1992. Smallmouth bass had an occurrence rate of 25% in the May 1994 sample and a
0% occurrence rate in August 1992, May 1993, and November 1994 samples.
Centrarchids occurred in spotted bass stomachs in only two sample periods, December
1993 and November 1994, at rates of 20 and 18%, respectively.

Species Differences
The GLM procedure (Pr>F = 0.395) and the Tukey analysis concurred that
there were no significant differences among the three species of black bass and the

number of centrarchids found in their stomachs. Chi-Square analysis (x^ =0.542) also
demonstrated that there were no significant relationships between the presence of

centrarchids in the diet and the three bass species. Centrarchids occurred in 10.2% of
largemouth bass, 13.5% of smallmouth bass, and 8.3% of spotted bass. The GLM
procedure (Pr>F = 0.3640) and the Tukey analysis also indicated that there were no
significant differences among black bass species and the total weight of centrarchids
consumed.
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Sample Period Differences

There were significant differences between the sample periods and number of
centrarchids utilized. The GLM (Pr>F=0.0(X)) and the Chi-Square statistic (x^ =0.000)
indicated a very strong probability that there were period differences in the use of
centrarchids as forage. The Tukey Analysis (Table 8) confirmed this contention and
identified three period groupings: May 1994, November 1994, and December 1993 as

the "A" group; November 1994, December 1993, May 1993, and January 1993 as the
"B" group; and December 1993, May 1993, January 1993, and August 1992 as the "C"

group. The "A" group consumed the greatest number of centrarchids and the "C" group
consumed the least. The Tukey analysis of the number of centrarchids eaten during high
water levels versus low water conditions did not indicate a significant difference between
these periods.

The weight of centrarchids in the diet was significantly different among sample

periods. The Tukey analysis (Table 9) identified the May 1994 and November 1994
samples as the "A" group and November 1994, December 1993, May 1993, January
1993, and August 1992 as the "B" group. The "A" group consumed a greater number
of centrarchids than did the "B" group. There were no significant differences between
high and low water periods in the weight of centrarchids consumed.
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Table 8. Results of Tukey's Studentized Range Test for the variable, centrarchid number,
by sample period, for sub-legal black bass on Norris Reservoir, Tennessee, from August
1992 to November 1994. Means with the same letter are not significantly different.
Sample periods

Sample size
(N)

Mean number of

centrarchids eaten'

Tukey
Grouping

May 1994

47

0.20035

A

November 1994

54

0.12303

A B

December 1993

67

0.08276

ABC

May - June 1993

75

0.03313

B C

January 1993

75

0.02773

B C

August 1992

38

0.00000

C

'Mean numbers of centrarchids are given as Logio transformations of original centrarchid
numbers.
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Table 9. Results of Tukey's Studentized Range Test for the variable, centrarchid weight,
by sample period, for sub-legal black bass on Norris Reservoir, Tennessee, from August
1992 to November 1994. Means with the same letter are not significantly different.
Sample periods

Sample size
(N)

Mean weight of
centrarchids

Tukey
grouping

eaten'

May 1994

47

0.45677

A

November 1994

54

0.25558

A B

December 1993

67

0.15960

B

May-June 1993

75

0.06560

B

January 1993

75

0.05425

B

August 1992

38

0.00000

B

'Mean weights of centrarchids are given as Logio transformations of original centrarchid
weights.

yi
Size Class Differences

GLM, Tukey and Chi-Square analyses indicated that there were no significant

differences among the size classes of black bass and centrarchid exploitation either by
number or weight.

CRAYFISH

Percent by Number

In largemouth bass, 53% (by number) of food items consumed during the

August 1992 sample period were crayfish (Fig. 8).

Crayfish were consumed by

largemouth bass in every sample period except May 1994, while the May 1993 sample
only contained 1 % crayfish. Smallmouth bass crayfish utilization reached a peak of 37%
in the November 1994 sample; they did not consume crayfish in the August 1992 and
May 1993 samples. In spotted bass 89% (by number) of food items consumed during
the August 1992 sample were crayfish. Crayfish disappeared from the diet of spotted

bass in the May 1993 and May 1994 samples. The crayfish species consumed by black
bass is an exotic introduced specie, Orconectes rusnscus.
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Percent by Weight

Largemouth bass stomachs contained 54% crayfish (by weight) in the August

1992 sample (Fig. 9); the consumption of crayfish decreased to 0% in the May 1994
sample period. Smallmouth bass ranged from 50% by weight crayfish utilization in

January 1993 to 0% in August 1992 and May 1993. Spotted bass stomachs had 98% by
weight crayfish in the August 1992 sample. Crayfish did not contribute any weight to
the stomach contents of spotted bass in the May 1993 and May 1994 samples.

Frequency of Occurrence

Sixty-three percent of largemouth bass ingested crayfish in the August 1992
sample (Fig. 10). Of largemouth bass stomachs sampled, none contained crayfish in the

May 1994 sample and only 2% contained crayfish in the May 1993 sample. Crayfish
occurrence in the stomachs of smallmouth bass reached 75% in the January 1993 sample,
but they were not utilized in August 1992 or May 1993. Crayfish occurred in 92% of
spotted bass stomachs sampled in August 1992, but were not found in the May 1993 or
May 1994 samples.
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with food items present in their stomach is denoted by the letter "n".
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Species Differences

The GLM statistical procedure(Pr>F = 0.0314) strongly indicated that the three

species of bass ingested significantly different numbers of crayfish. The Tukey analyses
(Table 10)indicated that spotted bass consumed a significantly greater number ofcrayfish
than did largemouth or smallmouth bass. Largemouth and smallmouth bass were not

found to be significantly different from each other in the numbers of crayfish consumed.
Chi-Square analysis indicated that the presence of crayfish was significantly different

(x^ =0.000)among the black bass species. Crayfish occurred in the stomachs of 47.92%
of spotted bass, 25.67% of largemouth bass, and 18.92% of smallmouth bass. The

weight of crayfish consumed was also found to be significantly greater for spotted bass
according to Tukey analysis (Table 11).

Sample Period Differences

GLM (Pr > F= 0.0001)indicated that there were period differences in the number

of crayfish consumed by black bass. The Tukey analysis (Table 12)identified the August
1992, January 1993, and November 1994 samples as the "A" group; December 1993 as
the "B" group; and May 1993 and May 1994 as the "C" croup. There were significant

differences between high and low water periods with a significantly greater number of
crayfish being consumed during winter pool periods.
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Table 10. Results of Tukey's Studentized Range Test for the variable, crayfish number,
by black bass species, for sub-legal black bass on Norris Reservoir, Tennessee, from

August 1992 to November 1994. Means with the same letter are not significantly
different.

Species

Sample size
(N)

Mean number

of crayfish

Tukey
Grouping

eaten'

Spotted bass

96

0.39971

Largemouth bass

188

0.21232

B

Smallmouth bass

72

0.15567

B

A

'Mean numbers of crayfish are given as Logio transformations of original crayfish
numbers.
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Table 11. Results of Tukey's Studentized Range test for the variable, crayfish weight,
by black bass species, for sub-legal black bass on Norris Reservoir, Tennessee, from
August 1992 to November 1994. Means with the same letter are not significantly
different.

Species

Sample size
(N)

Mean weight
of crayfish

Tukey
Grouping

eaten'

Spotted bass

96

0.54339

Largemouth bass

188

0.25202

B

Smallmouth bass

72

0.17213

B

A

'Mean weights of the crayfish are given as Log,o transformations of original crayfish
weights.
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Table 12. Results of Tukey's Studentized Range Test for the variable, crayfish number,
by sample period, for sub-legal black bass on Norris Reservoir, Tennessee, from August
1992 to November 1994. Means with the same letter are not significantly different.
Sample periods

Sample size
(N)

Mean number

of crayfish

Tukey
Grouping

eaten'

August 1992

38

0.50937

A

January 1993

75

0.45218

A

November 1994

54

0.40446

A

December 1993

67

0.20437

May-June 1993

75

0.00924

C

May 1994

47

0.00000

C

B

Mean number of crayfish are given as Log,o transformations of original crayfish weight.
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The GLM (Pr>F= 0.0001) indicated that there were differences in the weight

of crayfish consumed among sample periods. The Tukey analysis (Table 13) yielded two
groupings with August 1992, November 1994, and January 1993 as group "A" and the
other three sample periods as group "B". The "A" group consumed a significantly
greater percentage by weight of crayfish than did the "B" group. The Tukey analysis did
not show significant differences in the weight of crayfish consumed between summer and
winter pool water levels.

Size Class Differences

The GLM procedure (Pr>F= 0.0745) provided some evidence that there were
size class differences in the number of crayfish consumed. The 255-305 mm size group

consumed the greatest number of crayfish. However, Tukey analysis and Chi-Square

(x^ =0.602) detected no significant differences in the presence of crayfish among the size
classes of sub-legal black bass.

UNroENTIFIED FISH

Percent by Number

The highest occurrence by number of unidentified fish in stomachs was 45% for

largemouth bass in the November 1994 sample (Fig. 11). Only 23% could not be
identified for largemouth bass in the August 1992 and January 1993 samples. The
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Table 13. Results of Tukey's Studentized Range Test for the variable, crayfish weight,
by sample period, for sub-legal black bass on Norris Reservoir, Tennessee, from August
1992 from November 1994. Means with the same letter are not significantly different.
Sample periods

Sample size
(N)

Mean weight of

crayfish eaten'

Tukey
grouping

August 1992

38

0.74796

A

November 1994

54

0.51040

A

January 1993

75

0.50900

A

December 1993

67

0.23172

B

May-June 1993

75

0.03005

B

May 1994

47

0.00000

B

'Mean weights of crayfish are given as Log,o transformations of original crayfish
weights.
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amounts of unidentified fish in smallmouth bass ranged from 75% in August 1992 to 4%

in the January 1993 sample. Twenty-five percent of fish in spotted bass stomachs
contents could not be identified in the November 1994 sample. The August 1992 sample
of spotted bass contained only 11 % unidentified fish remains.

Percent by Weight

The percent weight of unidentified fish remains in largemouth bass ranged from
28% in the November 1994 to 11% in the January 1993 sample (Fig. 12). Smallmouth
bass stomachs contained 61% by weight of unidentified fish in the August 1992 sample,
while the January 1993 sample contained a low of 1% by weight unidentified fish.
Spotted bass stomachs had a range of from 18% by weight unidentified fish remains in
the November 1994 sample to 2% in the August 1992 sample.

Frequency of Occurrence
Unidentified fish remains occurred in 56% of largemouth bass stomachs in the
May 1993 sample (Fig. 13). A low of 26% occurrence of unidentified fish remains was

found in the August 1992 sample. All smallmouth bass in the August 1992 sample had
unidentifiable fish remains present in the stomach. The January 1993 sample had an
unidentified occurrence rate of 12%. Forty-one percent of spotted bass had unidentified
fish remains present in the stomachs in the May 1993 sample. The lowest occurrence
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rate (7%) of unidentified fish remains in spotted bass occurred in the August 1992
sample.

Species Differences
The GLM (Pr>F= 0.2816) and the Tukey analysis indicated that there were no
significant differences among the three species of black bass and the number of

unidentified fish remains present in the stomachs. Chi-Square analysis (x^ =0.022)
revealed that there were significant differences among the black bass species and the
presence of unidentified remains in the stomachs. Fifty percent of largemouth bass,
43.85% of smallmouth bass, and 30.21% of spotted bass had unidentified fish remains

present in their stomachs.

Sample Period Differences

The GLM (Pr>F= 0.3744) indicated that there were no significant differences
among the number of unidentified fish remains and the period in which the samples were
collected. The Tukey procedure(Table 14), however, did indicate two period groupings.
The "A" group consisted of the May 1993, November 1994, December 1993, and May
1994 sample periods. The "B" group consisted of the November 1994, December 1993,

May 1994, January 1993, and August 1992 sample periods. The "A" group contained
significantly more unidentified fish than did the "B" group. Chi-Square analysis

(x^ =0.097) indicated that there may be some period differences in the presence of
unidentified fish remains. The GLM (Pr > F= 0.2983) and the Tukey analysis concurred
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Table 14. Results of Tukey's Studentized Range Test for the variable, unidentified fish
number, by sample period, for sub-legal black bass on Norris Reservoir, Tennessee,
from August 1992 from November 1994. Means with the same letter are not
significantly different.
Sample periods

Sample size

Mean number of
unidentified fish

(N)

Tukey
Grouping

eaten'

May-June 1993

75

0.51687

A

November 1994

54

0.34028

A

B

December 1993

67

0.31545

A

B

May 1994

47

0.30609

A

B

January 1993

75

0.28040

B

August 1992

38

0.27320

B

' Mean number of unidentified fish are given as Logjo transformations of original
unidentified fish numbers.
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that there were no significant differences among sample periods and the weight of
unidentified fish remains.

Size Class Differences

There were no significant differences among the size classes of black bass in the
number or weight of unidentified fish remains.

CYPRINroS

Percent by Number

In largemouth bass 10% (by number) of food items consumed during the May

1994 sample were cyprinids (Fig. 14). Cyprinids were not used by largemouth bass in
the August 1992, May 1993, or November 1994 sample periods. In smallmouth bass 6%
(by number) of food items consumed during the May 1994 sample were cyprinids. This
forage was not utilized by smallmouth bass in the August 1992, January 1993, May
1993, or November 1994 sample periods. In spotted bass, 42% (by number) of food
items consumed during the May 1994 sample period were cyprinids; cyprinids dropped
completely from the spotted bass' diet in the August 1992, January 1993, May 1993 and
November 1994 samples.
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Percent by Weight
The greatest utilization by weight of cyprinids occurred in the May 1994 sample
period for all three species of black bass. Largemouth bass contained 7.7%, smallmouth
bass 8.7%, and spotted bass 61% (by weight) cyprinids in the May 1994 sample (Fig.
15).

Frequency of Occurrence

Cyprinids occurred in the stomachs of largemouth bass at a rate of 13.6% in the
May 1994 sample (Fig. 16). Largemouth bass sampled did not eat cyprinids during the
August 1992, May 1993, or November 1994 sample periods. In smallmouth, 6%
contained cyprinids in the May 1994 sample; no minnows were consumed in the August
1992, January 1993, May 1993, or November 1994 samples. Spotted bass had a 40%
occurrence rate of cyprinids in the May 1994 sample and a rate of 10% in the December
1993 sample. Spotted bass stomachs examined did not contain cyprinids in the other

sample periods. Throughout the entire study period cyprinids occurred in only 2.67% of
largemouth bass, 4.05% of smallmouth bass, and 4.17% of spotted bass stomachs.
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Species Differences

Chi-Square data analysis (x^ =0.751) indicated that there were no significant
differences among sub-legal Norris Reservoir black bass species and the occurrence of
cyprinids in the diet.

Sample Period Differences

Chi-Square data analysis(x^ =0.000)strongly indicated that there were significant

differences among the sample periods and the presence of cyprinids in the stomachs of

the black bass. Cyprinids occurred in 15.22, 5.80 and 1.33% of black bass stomachs in
the May 1994, December 1993, and January 1993, respectively. However, there was no

significant difference between the low winter-pool water level and high summer-pool
water level and the use of cyprinids in the diet.

Size Class Differences

There were no significant differences among the size classes of sub-legal black
bass and the utilization of cyprinids in Norris Reservoir.

AQUATIC AND TERRESTRIAL INSECTS
Percent by number

In largemouth bass 6.6% (by number) of stomach contents were insects in the

January 1993 samples (Fig 17). Insects were not utilized in the December 1993 and
November 1994 samples. Fifty-nine percent by number insects were consumed by
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smallmouth bass in the January 1993 sample; the May 1994 sample had the second
highest rate of 36%. Smallmouth bass stomachs did not contain insects in the August
1992, December 1993, or November 1994 samples. Spotted bass consumed 26% percent

(by number) insects in the May 1993 sample and 14% in the May 1994 sample. All
other sample periods had 0% utilization of insects by spotted bass.

Percent by Weight

The percent weight of insects found in largemouth bass did not exceed 1% for any
sample period (Fig. 18). For smallmouth bass, the percent weight of insects reached a
maximum of 2.04% in the May 1994 sample. Spotted bass had a maximum of 6.54%
by weight consumption of insects in the May 1993 sample.

Frequency of Occurrence

Insects occurred in 10% of largemouth bass stomachs in the January 1993 sample

(Fig. 19). Twenty-five percent of the smallmouth bass in the January 1993 and May
1994 had insects present in their stomachs. Insects were present in 47% of the May

1993 samples and 20% in the May 1994 samples of spotted bass. Overall, insects
occurred in 5.35% of largemouth bass, 10.81% of smallmouth bass, and 9.38% of
spotted bass.
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Species Differences

Chi-Square analysis (x^=0.237) indicated that there were no significant
differences among the bass species and the occurrence of insects in the diet.

Sample Period Differences

Chi-Square (x^ =0.000) indicated that there were significant differences among

the sample periods and the presence of insects in the stomach of sampled black bass.

The May 1993 and May 1994 samples had the highest overall occurrence rates of 16.00
and 15.22%, respectively.

Size Class Differences

Chi-Square analysis indicated (x^ =0.680) that there were no significant
differences among the size classes of black bass and the occurrence of insects in the diet.

LOGPERCH

Logperch occurred in significantly different proportions in black bass, with 1.6%
of largemouth bass, 9.6% of smallmouth bass, and 1.04% of spotted bass containing

logperch in their stomachs. There were no significant differences detected among sample

periods or size classes in relation to the presence of logperch in the stomachs of black
bass.
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BROOK SILVERSroES

Only 0.53% of largemouth and 1.04% of spotted bass consumed brook
silversides. Chi-Square analysis (x^=0.664) detected no significant differences among

species of black bass or sample periods and the presence of brook silversides in the diet.
The Chi-Square statistic of

=0.106 indicated that the 203-254 mm size class of black

bass may have a greater occurrence of brook silversides in the diet than the other two
size classes examined.

FISH FRY

All fish fry were identified as either spotted bass or largemouth bass. Overall,

fry were present in 4.28% of largemouth bass, 2.70% of smallmouth bass, and 0% of
spotted bass. Smallmouth bass consumed 81 individual fry, which accounted for 33%
of food items by weight in the May 1993 sample. Largemouth bass had a total of 118

fish fry present in their stomachs, which accounted for 3% of the weight found in the
stomachs in the May 1993 sample. There were no significant differences detected by Chi-

Square analysis among black bass species (x^=0.118) or size class (x^=0.300) and the
presence of fry in the diet. There were significant differences found among sample

periods and the occurrence of fry in the diet. The May 1993 was the only sample period
in which black bass consumed fish fry.
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BLUEGILL

Bluegill were identified in 5.88% of largemouth bass, 5.41 % of smallmouth bass,
and 2.08% of spotted bass stomachs. The mean length of bluegill consumed was 59 mm

with a standard deviation of 16.5 mm. Fifty-two percent of the bluegill consumed by the
sub-legal bass were 50.8-76.2 mm in length. There were significant differences between
the presence of bluegill in the diet and the sample periods in which the bass were

collected (x^=0.000). The May 1994 and the November 1994 samples had the highest
occurrence rate of bluegill usage at 15.22 and 11.11%, respectively. There were no

significant differences (x^=0.779) in the presence of bluegill among the black bass
species or the size class to which they belonged.

CRAPPIE

There were a total of three crappie (0.5% by number) identified in the stomachs
of the sub-legal black bass on Norris reservoir. This accounted for occurrence rates of
0.53% in largemouth bass, 1.35% in smallmouth bass, and 1.04% in spotted bass. All
crappie consumed were taken by bass in the 203-254 mm size class.
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AGE

Scales from 26 largemouth, 17 smallmouth, and 28 spotted bass were used to
determine length at age. Sub-legal fish were divided into 50.8 mm (2 in) length classes;
a minimum of three fish of each species was analyzed for each length class to ensure fish

of all sizes were included in the age determination. The mean lengths at age are
presented in Table 15.

RELATIVE WEIGHT (Wr)

Mean Wr values of the three species of black bass during the August 1992 -

November 1994 sample period are presented in Figure 20. Wr values for largemouth
bass ranged from 80 to 88. Smallmouth Wr values ranged from 82 to 92 and spotted

bass Wr values ranged from 76 to 90.

Wr values were found to be significantly

different among black bass species(GLM Pr > F= 0.0379). The Tukey analysis grouped
smallmouth bass and largemouth bass as group "A" and spotted bass as group "B"(Table
16). Group "A" had significantly greater Wr values than did group "B". There were
also significant differences between the combined Wr values of black basses and water

levels. Winter pool bass had a significantly greater Wr value than those taken in summer
pool.
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Table 15. Mean length at age for sub-legal black bass in Norris Reservoir, Tennessee
during 11 May - 1 June 1993. Numbers in parentheses are sample sizes.
Length at Age (mm)
I

11

III

Largemouth (26)

154

269

334

Smallmouth (17)

133

236

278

Spotted (28)

130

231

273

IV

Species
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Table 16. Results of Tukey's Studentized Range Test for the variable, Relative weight,
by black bass, species for sub-legal black bass on Norris Reservoir, Tennessee, from
August 1992 to November 1994. Means with the same letter are not significantly
different.

Species

Sample size

Mean Wr

(N)

Tukey
Grouping

Smallmouth

130

85

A

Largemouth

315

83

A

Spotted

169

81

B

71

CHAPTER V
DISCUSSION

Food habits can be affected by several factors. The forage base is the most
obvious factor that affects what a bass can eat. If a preferred food source is not present,
then the bass must use another food source. A forage source may be present in the
system, but will be more available or vulnerable to predation during certain time periods
or water levels. The fish forage base of Norris Reservoir, as reported in the NRTFPR
(1994) is threadfin and gizzard shad, brook silversides, bluntnose minnows, and sunfish.
Abiotic factors such as water temperature will affect black bass food habits.
Some food resources become more vulnerable to predation under various temperature and
water levels regimes. The metabolism of bass can be affected by extremes in water
temperature (Emig 1966). Taylor (1990) indicated that, during tournaments, bass that

are caught in water above 25 C (77 F) start to experience higher rates of mortality upon
release. Mortality rates reached 90% in water that was 15.8 C (86 F). This would

indicate a temperature induced stress factor. It would be reasonable to assume that this
temperature stress factor could also affect feeding behavior. The percent of sub-legal

black bass with at least one food item present in the stomach does decrease during the

August 1992 sample where water temperatures were approximately 26.6 C (80 F). This
indicates that bass in this study did indeed reduced their food intake.
Bass are also affected by cold temperatures. Largemouth bass become lethargic
and feeding activity is decreased at 10 C (50 F)(Carlander 1977). This study supports
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this contention; there was a reduction in the percent of bass with at least one food item

during the December 1993, sample when the water temperature approached the 10 C
point.

Factors such as a bass's physical size will affect the size of prey items consumed.
The size of the bass will also affect the foraging strategy utilized to obtain food (Wanjala

et al 1986). Bass that pursue prey may target different prey items than bass that utilize
an ambush strategy to obtain food. Black bass in the 203-355 mm (8-14 inch) size group
are outside the preferred forage size of all but the largest of predators and therefore do
not have to hide to avoid predation. They are streamlined and able to efficiently chase

prey items. Larger fish may lose the ability to effectively chase down prey items and
therefore may switch to an ambush strategy to catch their prey.
Carlander (1977) stated that threadfin shad and gizzard shad are quite vulnerable

to predation. Anderson (1966) Lewis et al. (1974), and Wanjala et al. (1986), indicated
that shad are very important food items for black bass. Dendy (1946) completed a food
habits study on black bass on Norris Reservoir and reported that gizzard shad was the
most important food item found in the stomachs of Norris Reservoir black bass. Data

in this study also showed that shad were an important food item in the food habits of sublegal black bass on Norris Reservoir. However there was a shift from gizzard to
threadfin shad. The utilization of shad by sub-legal black bass can be linked to some of
the above factors. The greatest shad utilization occurred in the May 1993 sample. Shad
abundance in Norris Reservoir was at its lowest point of the year at this time because of

winter die-offs and predation. Even though the shad population was very low, water
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temperatures in late May are ideal for shad spawning (Etnier and Stames 1993). The
shad move from the pelagic zone, where they are less available to bass, to the littoral
areas to spawn, where they become vulnerable to the sub-legal bass.
Threadfin shad also experience major predation by sub-legal bass during extreme

cold water periods. Threadfin shad will become inactive at 8.3 C (47 F)and death will
occur at 3.9 C (39 F)(Etnier and Starnes 1993). Water temperatures during the January

1993 and December 1993 samples reached 48 F. At this temperature, threadfin shad

would experience thermal stress and could be extremely lethargic and/or dying. Shad
in this condition would offer an opportunistic feeding opportunity for even a lethargic
bass.

Johnson (1977) indicated that, if two different species had a percent occurrence

rate of 25% for a particular prey item, then competition existed between the species for

that prey item. In this study, there appeared to be competition between the largemouth
bass and spotted bass for the shad resource during the May 1993 sample. It would also
be reasonable to assume that there is competition for this resource from other predators
in Norris Reservoir.

Although there has been an increase in the abundance of alewives recently in
Norris Reservoir(NRTFPR 1994), none were found in black bass stomachs in this study.

Wagner (1976) reported that bass will utilize an alewife forage base.

Dendy's (1946) data did not show that Norris Reservoir bass consumed crayfish.
However, this study shows that crayfish, in terms of percent occurrence, was the second
most utilized food item for all three species of black bass. Spotted bass had a
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significantly greater utilization of crayfish than either the smallmouth or largemouth bass.
This is consistent with Vogele (1975) and others (Applegate et al. 1967 and Aggus 1972)
who determined that crayfish are very important in the diets of spotted bass. Crayfish

have been reported to be very important food items for smallmouth bass with crayfish

composing up to 2/3 of the diet (Doan 1940, Westman and Westman 1948, Emig 1975,
Paragamian 1975, and Carlander 1977). Crayfish utilization by smallmouth bass in this
study was not as pronounced.

The percent number and weight of crayfish consumed was significantly higher for
the August 1992, January 1993, and November 1994 samples. During the August 1992
sample, largemouth and spotted bass consumed crayfish in substantial numbers. Water

temperatures at this time indicated that bass could be under thermal stress, thus making
a slow moving crayfish an attractive prey item. During the August 1992 sample, the
winter drawdown of water, already had begun and levels were dropping several

centimeters daily. The receding water levels would have the effect of displacing crayfish
from their rocky hiding places, thus making them readily available for consumption by
bass. The August 1992 smallmouth bass sample contained only five bass with food items
present in the stomach. This sample was too small to positively determine if smallmouth
were utilizing the crayfish as a primary food source during this time of year.

The January 1993 sample also showed crayfish were consumed in substantial
numbers by all three species of black bass. Water temperatures were at the lowest levels
during January 1993. Bass metabolism would be slowed at this water temperature, thus

making it more difficult to chase prey efficiently. A slow moving crayfish would again
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be an easy target upon which to prey. Water levels were at winter pool which could
condense the crayfish prey base into a smaller area. This would make crayfish more
vulnerable to predation. Aggus (1972) contended that crayfish have decreased motility
in the colder months and thus are more vulnerable to predation.

The November 1994 sample contained crayfish in over 25% occurrence for all
three species of black bass. Norris Reservoir was still in a period of being drawn down

to winter pool level. This action would further displace crayfish already crowded by the
four months of draw-down and make them more available to predation.

Crayfish disappeared from the diets of all three species of black bass during the

May 1993 and May 1994 samples. This was somewhat different from Aggus the (1972)
data from Bull Shoals Reservoir, which showed that spotted bass did not stop eating
crayfish during the spring.

Black bass may have stopped utilizing crayfish during the May 1993 and May

1994 samples for several reasons. Water levels were approaching full pool, giving

crayfish increased habitat in which to seek shelter from predation. With increased water
temperatures, bass were able to more effectively pursue prey. Shad, minnows, and
unidentified fish remains became more prominent in the diet in early May, apparently
displacing crayfish from the diet.

Centrarchids, especially bluegills and crappie, are fish of interest to many local
fishermen. If the abundant sub-legal black bass prey heavily upon these fish, they could

adversely affect this fishery. Overall, sub-legal largemouth bass in this study had a rate
of 10.2% occurrence of centrarchids in their stomachs. This was the fourth most
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frequent item, after unidentified fish remains, crayfish, and shad, respectively,
Smallmouth bass had an occurrence rate of 13.5% centrarchids present in their stomachs.

Centrarchids were the third most important food item by frequency of occurrence after
unidentified fish remains and crayfish, respectively.

It is interesting to note that

centrarchids appeared in more smallmouth stomachs than did shad. Centrarchids ranked
fifth (by percent occurrence) for spotted bass, with crayfish, unidentified fish remains,
shad, and insects, respectively, more important than centrarchids. These findings are
consistent with those of other authors regarding the importance of centrarchids in the
diets of black bass (Anderson 1966, Applegate et al. 1967, Aggus 1972, Chance et al.
1975).

Bluegill were the most common centrarchids consumed by all three species of
black bass. The sub-legal black bass in this study were cannibalistic and consumed YOY
black bass and largemouth bass and/or spotted bass fry. These results are consistent with

those of Anderson (1966) who reported that black bass will prey upon bass fry. There

were only three crappie positively identified in bass stomachs throughout the entire study.
Utilization of YOY bluegill and YOY bass was significantly greater in the May
1994 sample. This sample was taken in early May before the onset of the shad spawn.

Water temperatures were in the 20 C (68 F) range. This is cooler than the preferred
temperature for black bass (Carlander 1977), but considerably warmer than water
temperatures in January. The increase in water temperatures would increase bass
metabolism, therefore making them more efficient at catching prey items. The water

level at this time was rising dramatically, giving the winter food source, crayfish.

77

abundant new habitat for hiding from predators. Threadfin shad were at their lowest
abundance at this time and were no longer suffering from cold related thermal stress,

thus making them less vulnerable to predation from black bass. These factors, likely
contributed to bass must utilizing a different food resource, i.e., YOY bluegill and YOY

bass. The May 1993 sample extended into the first part of June and coincided with the
shad spawn, after which the bass also utilized the shad resource.
The November 1994 sample also had a significant numbers of small bluegills

present in the stomachs. Aggus (1972) noted that centrarchids were prominent in the
food of smallmouth bass and largemouth bass in late fall on Bull Shoals Reservoir. It

was noted in our May 1994 sample that there were abundant YOY bluegill and YOY
crappie present in the cove that was sampled. However, only bluegill appeared in the
stomachs of the sub-legal bass, indicating that even when forage size crappie were readily
available, they were not used. Bennett (1944) noted that crappie competed with bass but

escaped serious predation. Dendy (1946) and Chance et al. (1975) reported that crappie
were important food items of black bass on Norris Reservoir. This study's data,
however, indicated that crappie were not a major food item for sub-legal black bass.

During the course of the study the stomach contents for 17 largemouth bass larger than
356 mm were examined. Bluegills accounted for 92% of the weight of the food items
consumed. While this sample is too small to draw any solid conclusions, it does warrant
further investigation

Aggus and Elliott (1977) and Bettoli et al. (1992) reported that brook silversides

were major food items of black bass. Although brook silversides were abundant
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(NRTFPR 94) in Norris Reservoir, they were not heavily utilized by sub-legal black bass
in this study.

Westman and Westman (1948) reported that logperch were important to the diet

of smallmouth bass. This study confirmed that smallmouth bass do utilize the logperch

in significantly greater numbers than largemouth or spotted bass. Logperch occurred in
a greater percentage of sub-legal smallmouth bass than did shad.
Doan (1940) indicated that bass consumed insects when other important food

items, such as fish and crayfish, were in short supply. In this study, insects were the

fourth most important food item in terms of percent occurrence for all three species of
black bass. Approximately 10% of the spotted bass and smallmouth bass contained
insects in their diet. Ten percent is not an excessive amount of insect consumption, but
it is more than this researcher would considered incidental.

Norris Reservoir has an abundant predator base which consisted of largemouth

bass, smallmouth bass, spotted bass, flathead catfish, channel catfish, longnosegar, black
and white crappie, several species of sunfish, rock bass, freshwater drum, walleye,

sauger, saugeye, white bass, white bass x striped bass hybrids, and striped bass. The
question which arises is whether or not there is an adequate forage base for this
assemblage of predators. Zweiacker and Summerfelt (1973) determined from several
studies that a 56% rate of empty stomachs could be used as an indication of the adequacy

of the forage base. If the empty stomach rate is higher than 56%, the forage base may

be inadequate for the predator base. The percents of empty stomachs in this study were
58, 61, and 55% for largemouth, smallmouth, and spotted bass respectively. Therefore,
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the rate of empty stomachs in this study is approaching the 56% threshold indicating that
the forage may be nearing a limiting level for the present predator base.
Based on our age determinations of black bass in Norris Reservoir, it appears that

sub-legal largemouth and smallmouth bass are ages I, II, and III. Spotted bass may reach
four years of age before reaching 355 mm.

This study showed that relative weights were slightly lower than the 85 score used
as a the indicator of a balanced population. This may indicate that there were too many

fish for the available food supply (Kohler and Hubert 1993). It should also be noted that

relative weight values in this study were similar to those described by Schilling (1986)
and maybe an indication that forage has been a limiting factor for growth of sub-legal
black bass for several years.
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CHAPTER VI
SUMMARY

1.

The most important food items for Norris Reservoir sub-legal black bass were

crayfish, threadfin shad, and bluegill. Crappie were not important food items for
sub-legal black bass in this study.

2.

Black bass utilized shad in significantly greater numbers in the May 1993,

January 1993, and December 1993 samples. This utilization can be linked with
the vulnerability and availability of the shad resource.

3.

Sub-legal black bass utilized crayfish in significantly greater numbers in the
August 1992, January 1993, and November 1994 samples. Crayfish utilization
can be attributed to different water temperatures and water levels.

4.

Spotted bass consumed significantly more crayfish than the other species of black
bass.

5.

Smallmouth bass consumed significantly more logperch than did the largemouth
or spotted bass.

6.

The percent occurrence of insects in the diet was 5.35, 10.81, and 9.38 for
largemouth, smallmouth and spotted bass, respectively.

7.

The percentages of empty stomachs throughout the study were 58, 61, and 55%
for largemouth, smallmouth, and spotted bass, respectively.

8.

Sub-legal largemouth and smallmouth bass were determined to be ages 1,11, and

III; spotted bass may reach age IV before attaining the 355 mm size limit.
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9.

Relative weight indices were 83, 85, and 81 for largemouth, smallmouth and
spotted bass, respectively. These indices were slightly lower than the relative
weights reported in the NRTFPR (1994).

10.

The percent occurrence of insects, relative weight indices, and percent empty
stomachs data indicated that the forage base may have been a limiting factor for

production of sub-legal black bass in Norris Reservoir during the study period.
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